We ask what level of migration would maximize world welfare. Welfare is assumed to be a weighted average of the utilities of the world's various citizens, but the weights are also country specific. Using a calibrated one-sector model we find that unless the weights are heavily biased towards the natives of rich countries, the extent of migration that would be optimal far exceeds the levels observed today. The claim remains true in a two-sector extension of the model. All versions of the model assume that migration is the only redistributive tool.
Introduction
What is the optimal distribution of personal incomes in the world, and how best can it be attained? Economists have studied the question of domestic redistribution using taxes and subsidies as the instruments.
When dealing with the world as a whole, however, political constraints arise that limit the usefulness of taxes and transfers. The limits and difficulties of foreign aid or international redistribution have been studied by Easterly (2006) : foreign aid funds are often wasted or misdirected.
If public foreign aid has been ineffective in reducing international inequality, so have private capital flows failed to equalize returns and factor prices: Lucas (1990) argued that inequality originates in human-capital differences and that physical capital flows can do little to eliminate inequality.
A neglected mechanism for reducing inequality, the flip side of capital flows, is international migration. Using a one-sector model we find that the optimal use of migration alone would seemingly raise welfare to levels far above those achieved at present. The mechanism that achieves this is the spillover of knowledge flowing to immigrants when they work along side highly skilled natives. Starting from the differences in human capital currently in place, optimal migration policy would involve moving far more people from poor to rich countries than the latter admit at present.
We then confirm this conclusion, with and without spillovers, in a two-sector extension of the model.
In all versions of the model there is just one consumption good, and therefore only factor mobility (as opposed to trade in goods) can achieve equalization of prices per unit of skill. Moreover, and this is specific to our model, spillovers by assumption occur among people in the same geographical area, so people must locate together in order to share them.
In deriving the optimal migration policy we ignore political constraints, except implicitly those constraints that prevent foreign aid from being the main redistributive tool (for an analysis of political constraints see Benhabib (1996) ). Redistribution involves winners and losers, but the losers, typically in rich countries, may block policies based on egalitarian social weights worldwide, and restrict access to their labor markets by foreigners. Our aim here is to derive the egalitarian or near-egalitarian ideal, as the reasons why the world falls short of the ideal are political. It is unlikely that the ideal can be collectively achieved in the near future, even as the poor of the world increasingly press for more open access to the labor markets of the rich countries.
In related work, Klein and Ventura (2007) study the steady state of a dynamic model with two location in which labor can move from one location to another at a cost and in which capital is costlessly mobile. The authors study optimal allocation of labor over the two regions. In spite of this similarity, our model differs in several ways from theirs. On the one hand, our model is static; on the other it endogenizes TFP along the lines suggested by Lucas (1988) .
The model and the planner's problem and presented in Section 2. Calibration and Simulation are in Section 3 and several extensions are considered in Section 4.
Section 5 concludes, and some proofs are in the Appendix.
The Model
We first introduce the production technology and its implications for segregated production. We then introduce the rest of model and the welfare-maximizing planner's problem.
Production technology
Immigrants in our model affect the well-being of the residents of the host country through an external effect. The effect works through human capital per person,h, as in Lucas (1990) . The output of a country is
where H is the total human capital in the country. The private marginal product of human capital is G ¡h¢ .
2
Constant returns and decentralizability.-The production function (1) obeys constant returns to scale in the sense that doubling the number of residents while leaving the distribution of individual human capital h unchanged leavesh unaffected, but doubles H and, hence, Y. This allows for a competitive situation in which zero-profit firms (of indeterminate size) hire labor and pay a wage of G ¡h¢ per efficiency unit.
Efficiency vs. distribution.-The model has a tension between considerations of efficiency and distribution. Efficiency requires that production be segregated geographically. This is the content of Proposition 1. Let M (h) be the world's distribution of human capital, and assume that
where α > 0.
Proposition 1 World output is maximized when there is complete segregation by h,
i.e.,
Proof. Suppose that there is a location in the world where people are heterogeneous in h. Let the distribution at that location have measure μ (h), with meanh.
Let the total output at that location be Clark (1987) who invokes national culture somewhat in line with the 'social capital' interpretation of Coleman (1988) , and in Rauch (1993) who attributes it to human-capital spillovers at the regional level.
where the inequality follows because dμ/ R dμ is a measure adding up to unity, and h 1+α is a convex function. Cancelling the multiplicative constant leaves us with
and the inequality is strict if the support of μ has more than one point. Therefore no location can have heterogeneity of h.
The foregoing proposition and many of the other results of the paper extend to a world in which there is a perfectly mobile physical capital K and in which, instead of (1), the production function is Y = G ¡h¢
The reduced-form production function would take the form of (1) and an efficiency-equity tradeoff would remain:
Migration from poor to rich countries would reduce both income inequality and world output. Exogenous TFP differentials.-Proposition 1 holds if the production function is the same in all locations. When this is relaxed, Proposition 1 does not generally hold. Suppose there is a finite number of locations. Instead of (1), let the production function at location i be
where S i is a TFP specific to location i, and H i andh i are the total and average skill levels at location i. Let i * be the location where TFP is the highest, and let
The tradeoff arises because spillovers are local in nature becauseh is region specific. Firms in the same location share the same production function function determined by the TFP term G ¡h¢ . Kremer and Maskin (2006) and Eeckhout and Jovanovic (forthcoming) relax the assumption that workers must be in the same location to participate in the same production process; their models do not have external effects in production.
be the ratio of the highest TFP level to the next highest.
Suppose the total measure of the world's agents is unity. Leth (ε) be the average skill among the measure ε of the most skilled agents in the distribution M. That is,
whereĥ (ε) solves the equation ε = 1 − M (h) . Then the world's average skill level is justh (1). We shall assume
Example: To get a feel for A.1., consider the Pareto form M (h) = 1 − h −ρ with ρ > 1 and h ≥ 1. Thenĥ (ε) = ε −1/ρ , and
and therefore A.1. holds iff
That is, the right tail must decay fast enough relative to the gains to segregating the ablest agents.
Proposition 2 If A.1 holds and if λ → ∞, then output is highest if all agents produce together at location i * Proof. If all the agents were at location i * , output would be Y * ≡ S i * h 1+α .
Let M j (h) (j = 1, 2, ...) be any other distribution of agents over the locations which
for any ε < 1. The last weak equality is based on the fact that the highest output producible by a mass ε of agents at i * is obtained by taking the agents from the right tail of the distribution so thath i ≤h (ε). The last inequality is based on A.1, and that completes the proof.
Intuitively, because of the synergy in skills, something like A.1. is still needed to prevent it being optimal to segregate the highest-ability agents and place them in the highest-TFP location. The Pareto example expresses this intuition in condition (4).
Until section 4 we shall analyze and simulate the model on the assumption that there are no exogenous TFP differentials. That is, the production function will be assumed to be (1) . The straight forward extension to including TFP differentials is in section 4.1.
The planner's problem
If taxes and subsidies had no disincentive effects and if tax proceeds could be distributed without waste or diversion, the optimal redistribution mechanism would be foreign aid. A world Planner would segregate people by skill, tax the rich and distribute the proceeds to the poor. But if foreign aid is not feasible, the Planner can use migration. This is the problem we shall now analyze.
Analysis.-Let μ A be the pre-migration mean skills in country A and let the human capital of A's residents be distributed h ∼ F A (h) . Let μ B be the mean skills in country B and let the human capital of B's residents be distributed h ∼ F B (h) , with density function f B (h). Let
be the probability that a type-h resident of B will be allowed to emigrate to A. That
A skill-neutral policy is one in which φ is a constant, independent of h. Policies that are not skill neutral are skill biased. Denote the average post-migration h levels in A and B byh A andh B respectively. Let n be the population of B relative to that of A. The latter is normalized to unity. Human capital per head in A is
and in B it ish
Migration costs and incentive compatibility.-We assume that each individual migrant loses a fraction t of his or her income in the host country. These are costs of assimilating, finding a job and so on and one would expect them to be proportional to potential income. Migration must be voluntary which now means that net of migration costs the migrant must earn more in the country of his or her destination than in the country of origin. This requires that for an immigrant with skill-level h,
4 The implicit assumption is that the immigrant spends t units of time on migrating and adapting to the new environment, leaving him with 1 − t units of time for work.
We nevertheless assume, for simplicity, that immigrants contribute fully toh A . One could alternatively assume that their contribution toh A was proportional to (1 − t)
in which case the RHS of (5) would become
. This would slightly lower the costs of an influx of low-h immigrants, slightly lower the benefits of a highh influx, but otherwise leave the results largely unchanged. Our formulation gets support from Caponi (forthcoming) who finds that immigrants face a significant loss of capacity to translate their abilities into earnings but no loss of capacity to transfer Practically, this constraint rules out policies that would send so many unskilled people from B to A (see "skimming from the bottom" defined in (10)) thath B becomes so much higherh A as to imply the negation of (7). Clearly, the higher is t, the larger the range of policies that (7) 
subject to (5), (6) , and (7).
The planner therefore chooses the migration policy that maximizes the weighted sum of the utilities of agents, with the weights differing between natives of the host country and others. An alternative would be to have the planner assign weights as a function not of countries but of agents' characteristics alone. Such a welfare function would then give the same weight to agents with the same skill level, independently of their country of origin. This is a welfare function that one would regard as fair, and with our parametrization it obtains only when θ = 1/2.
Until Section 4.2., we shall take the distribution of skills F A and F B as given, and throughout the paper we shall treat as exogenous the parameter n (the number of residents in the poor world relative to that of the rich). This means that a rise in α will have two opposing effects. It will raise the efficiency losses resulting from mixing the skill levels, but it also will widen the welfare losses resulting from differences in h A andh B . In other words as α rises, the tension between distribution and efficiency their human capital to their children; we loosely associate the latter with how the human capital of immigrants enters G (·).
gets stronger.
The optimal policy
The rest of the paper will assume that μ A > μ B , that h has no upper bound in the supports of F A and F B , and that
In this case, we shall show that the optimal policy is skill dependent and of the "bangbang" type: Among people of type h, either everyone should migrate or no one should do so. Moreover, the set of types is connected in that if type h 0 is allowed to migrate, then either everyone with h below h 0 is also allowed to migrate, or everyone above h 0 is allowed to migrate. Let us first describe these policies.
Skimming from the bottom of F B .-Under this policy there exists a cutoff,h, such that everyone with h <h
Under this policy (10), there exists a uniqueh that will equate the average skill in the two countries. Formally, there exists an uniqueĥ < ∞ such that the RHSs of (5) and (6) are equated:
( 1 1 ) This policy always helps the non-migrating natives of B, and forh <ĥ it helps the migrants too. The planner will use this policy when θ (the social weight on the rich country) is low.
5 Proof: Atĥ = 0, the LHS is larger, whereas asĥ → ∞, the LHS→
while the RHS→ ∞. Uniqueness is shown by showing that when evaluated at the solution of (11), the derivative of the RHS exceeds that of the LHS, ruling out multiple crossings
Skimming from the top of F B .-This we shall refer simply a "brain-drain" policy:
Forh large enough, this policy raisesh A and helps the natives of A, while it hurts the non-migrating natives of B. The planner will use this policy when θ is high. 6 The rest of this section will prove that the policy will indeed be bang-bang, taking the form (10) if θ is low and (12) if θ is high. The full characterization will emerge in section 3 where we shall simulate two versions of the model. To ease notation, let
Lemma 1 When U (C) = ln C, the maximand in (8) reduces to the equivalent
subject to (5) and (6), where
Proof. Substituting for U and leaving out terms that do not depend on φ, (8)
But the last terms does not depend on φ and we are left with (13) .
Assume that the density f B exists for all h, and define
to be the new control variable that satisfies z(h) : R → [0, nf B (h)] for all h. In terms of this control variable in (13) we havē
The constraint set for z is convex. We attach the multiplier λ 0 to the non-negativity constraint, and the multiplier λ 1 to the upper-bound constraint. The Planner faces the Lagrangian
We do not include the incentive-compatibility constraint (7) in the Lagrangian. Rather, we shall verify (7) ex post, and in Section 3 characterize the policies that (7) rules
where
is evaluated at the optimal policy, the latter consisting of an entire function z (.). Note that at most one multiplier can be non-zero and that
Now letn A = 1 + nω be the post-immigration population of A andn B = n (1 − ω) the post-immigration population of B.
where the second equality follows because g(h) = α ln h and g 0 (h) = α/h, and where
Proposition 3 The optimal policy has the following properties:
1. Whenever immigration is positive, it is always skill biased, 2. For θ sufficiently close to unity, the policy is of the form (12), and
, the policy is of the form (10).
Proof. The RHS of the FOC (16) at the status-quo point at which Z = 0, i.e.
the point at which there is no migration, is illustrated in Figure 3 in which vertical axis measures the marginal benefit of moving a person of type h from B to A. That benefit depends linearly on the migrant's level of h: I.e., in (16),
is linear in h, which immediately shows that either (10) or (12) must hold, though possibly with h = 0 orh = +∞. The larger is m (which, in turn, is more likely when θ is large) the more likely the slope will be positive and that the more likely that a brain drain is optimal. Conversely when θ is small, the more likely that low-h migrating is optimal,
i.e., (10) .
We also note that for some θ's satisfying 1 2 < θ < 1, the optimal policy may involve no migration -see Figure 3 and the top panel of Figure 4 .
A number of alternative assumptions would overturn the optimality of the bangbang policy. First, conditional on h, people may differ in their moving costs. Second, there may be h-specific congestion costs such as were imposed by the American Medical Association some decades ago. Third, the production function could entail diminishing returns to each skill if, for instance,
. Fourth, physical-capital limits in the rich world would, coupled with diminishing returns to H, limit the optimal immigration flow. 7 We do, however, present a two-skill extension 7 Nevertheless, we do not believe that migration is deterred largely by moving costs or by diminishing returns to labor -the latter would provide additional reasons why immigrants' wages in the host countries would be lower. Rather, it would appear that migrants are eager to move but that they are shut out by the restrictive immigration policies of the rich countries. In fact, there seems to be a vast excess demand for migration. Such excess demand prompted the U.S. to built a fence on the Mexican border and to ration migrants it by lottery. People are willing to risk imprisonment 
Calibration and simulation
We now wish to illustrate the optimal policy for all θ, and for realistic F A and F B .
We choose "country A" to be the OECD which we shall think of as the developed world. "Country B" will then be the rest of the world. Sala We observe the distribution of income y for each citizen, which we approximate as follows by a log-normal distribution:
μ OECD (log y) = ln 20, 000, σ OECD (log y) = ln 2
μ Rest (log y) = ln 2, 000, σ Rest (log y) = ln 2.5
These are portrayed in Figure 2 . We set n = 10, α = 0.35 the latter following Lucas (1990) . The following equation identifiesh:
To infer the human capital, h, of a citizen with income y, we invert the equation where BD is for brain-drain: If (as is the case in this calibration) F B has unbounded support, then for any θ > θ BD , some very smart B-people should go to A, and there will be a brain drain. This will remain so even when we add migration costs.
The skim-the-bottom region of θ ∈ [0, θ SB ].-There is another threshold, call it θ SB , below which country A will only receive low-h types. Suppose that the lowest level of h in the support of F B is zero (as, again, is the case in the calibration). Then as shown in Figure 4 ,
where C = ln(h A /h B ). This is also apparent in Figure 3 in which the FOC for θ = 0.7
barely crosses the zero axis in the neighborhood of zero.
The inaction region θ ∈ (θ SB , θ BD ). The optimal policy.-The optimal policy is described in Figure 4 . The horizontal axis in each panel measures θ, the weight that the planner assigns to the rich country's natives. The top panel describes the skill of the movers. The shaded area is the set of people who can move under the optimal policy. Rather than measure the level of a migrant's h, however, the vertical axis in the top panel measures G (μ A ) h, the wage that a migrant of type h would earn in country A assuming that no one else was allowed to move so that average skills in A were at their pre-migration level of μ A . For θ ≤ 0.72, the unskilled B-natives migrate to A, and for θ ≥ 0.89, the skilled B-natives migrate. In between, migration is zero.
The middle panel of Figure 4 plots the numbers optimally moving at various levels of θ. At the egalitarian weight θ = 1/2 the optimal number migrating is 2.3 billion, and then as θ rises the number declines at an increasing rate, and reaches zero when θ = 0.72. When θ reaches 0.88, skimming from the top starts, but the numbers are seen to be small, simply because the developing countries have few highly-skilled people. The bottom panel Figure 4 shows that when evaluated at t = 0, the incentivecompatibility constraint (7) is binding for θ ≤ 1/2. That is because, for θ < 1/2, the planner would like the residents of B to enjoy higher utility, and this requires h B >h A , but in that case migrants would not wish to move from B to A.
Broader migration costs
One can argue that after crossing the border, an immigrant needs to look for a job and a place to live, and so on, and that these additional costs should be included in t. We now pursue this possibility. One can estimate such costs from wage differentials net of cost-of-living differentials within, say, the U.S., within which mobility is unrestricted. The counterpart of Figure 4 when t = 0.075 is Figure 5 . We find that at all levels of θ the effect of t > 0 is to reduce the amount of optimal migration. At the egalitarian weight of of θ = 0.5, the number of people optimally moving drops from 2.5 billion to 1.8 billion, which is still two orders of magnitude higher than the estimates of current migration levels of 100-200 million. 9 In the bottom panel we see that (7) starts to 8 The U.S. is divided into 9 such regions so that the average region contains six states. Gemici controls for unobserved attributes of regional locations so that the effect of cost-of-living differentials on mobility costs would be reflected in the influence of these attributes. She estimates the residual pecuniary costs of moving between a pair of census divisions to be about $19,000 (in 1982 dollars), which is seven percent of the lifetime income ($240,000) of an average white male with 9 years of regional tenure. 
Lower values of α and TFP differentials
The value of α = 0.35 underlies both the simulations, the same value that Lucas (1988) uses. Recent evidence suggests that external effects may be smaller (Acemoglu and 
so that, indeed, with no external effects optimal migration is zero, and there should be no need to restrict immigration motivated by higher wages in developed countries.
Since this is not the case, the conclusion needs qualifying in three ways.
Recently France has also moved towards a skill biased immigration policy: see http://www.migrationpolicy.org/pubs/Backgrounder2_ Caponi (forthcoming [a]), however, finds that an empirical analog of φ (h), relation between skill and the probability of migration of Mexicans to the U.S. is U-shaped: The highest and lowest educated tend to migrate more than the middle educated.
First, a second type of external effect ofh may operate through the utility function of the natives of the host country: A large influx of uneducated and unskilled immigrants who are not familiar with the host country's culture and mores could reduce the natives' utility directly. This externality would algebraically show up as a positive α. Therefore, even if production externalities are small, α need not be small.
The second qualification to (19) , elaborated on Section 4.1, is the likely presence of exogenous TFP differentials. If we add such TFP differentials as in (3), then Proposition 2 suggests we should have more migration. Suppose we set α = 0 so that output at location i is just Y = S i H i . Then since moving costs, t are proportional to h, it is optimal to move agent h from B to A if S A (1 − t) h. > S B h, i.e., iff
Since this condition does not involve h, it is optimal to move either everyone or no one. Now the simulation depicted in Figure 4 assumes that t = 0, in this case if α were zero, everyone in country B should have moved to A. The second simulation depicted in Figure 5 assumes that t = 0.075, and in this case if α were zero, everyone in country B should move to A as long as S A /S B > 1.081. Therefore even modest TFP differentials would produce migration levels far in excess of those currently observed.
Third, as we shall show in Section 4.3 and Proposition 4 in particular, (20) says that in the one-input model there is no incentive to migrate if alpha is zero. In the two input case, even without external effects or TFP differences, there would be incentives for migration towards equating factor ratios and prices.
Three extensions
We now ask if our conclusions remain valid when we extend the model to incorporate three realistic features that have so far been left out. Each feature is likely to change the quantitative predictions, but they leave intact the conclusion that a welfare function that considers individuals alone (and not their country of origin) would imply that much larger flows of migrants are optimal.
Cross-country differences in TFP
Recent studies that differences in output per worker across countries can to a large extent be explained by TFP differences. Hall and Jones (1999) show that the TFP differences are correlated with output per worker, and that TFP ratios between the rich and poor countries can be of the order of 6 to 8. See also Klenow, Peter and As we stressed in discussing condition (20) , exogenous cross-country TFP differentials raise the optimal level of migration for any welfare function except at θ = 1. To consider this more generally, we revert to the production function (3) but re-written in the slightly more general form
where S i is TFP in country i = A, B. Then (13) becomes
where s i = ln S i . Instead (16), the first order condition is now
The first observation on (23) is that as α → 0, it becomes equivalent to (20) .
If we assume that productivity is higher in the host country A, then s A > s B and the derivative
is now larger than it was in (16) where the TFP differences were absent. Therefore larger is the TFP difference s A − s B , the more likely it is that the slope will be positive at all levels of h.
Second, when α > 0, the displacements are the same at all levels of h, but they are larger when θ is small. In terms of Figure 3 which plots the RHS of the FOC (16), the RHS of (23) entails an upward displacement of the lines by the amount
. Therefore the addition of TFP differences raises the optimal migration for all welfare functions except the one in which θ = 1. Since TFP is exogenous, the cost to migration that the planner faces are the same as they were in the absence of TFP differences -the foregone earnings costs is the efficiency loss entailed by the reduction in G ¡h A ¢ . But the benefits are now larger, and so more migration would be optimal.
To see more precisely the effect that exogenous TFP variation across countries makes in the context of α = 0.35, we shall use the mid-point of Klein and Ventura's estimates of S A /S B which ranging from 1.5 to 4, so that the midpoint is 2.75, and its logarithm is 1.01. Figure 6 shows how Figure 3 changes as a result of this adjustment.
There is absolutely no effect on the optimal policy when θ = 1. But when θ = 0.7, the effect is to raise the identity of the marginal immigrant from a potential wage of $3,000
to one of $18,000, and when θ = 0.5, the identity of the marginal immigrant rises from a potential wage of $16,000 to one of $22,000. These effects on the numbers of immigrants are especially large in the first case, as can be seen from the rest-of-theworld income distribution in Figure 2 .
Dynamics and investment in h
To keep things simple we assume that within countries A and B agents are homogeneous, with skills μ A and μ B respectively, once again we assume that μ A > μ B .
Accumulation technology.-The technology for accumulating human capital is the same in both countries. The fraction of the period-0 time spent working is u A and u B , respectively. The remaining time is spent training, with the resulting human capital Figure 6 : The FOC with the Klein-Ventura TFP adjustment levels being, as in Lucas (1988) ,
in period one.
Equal migration probabilities.-Let x be the probability that any B-native will be allowed to move to A. Within-country homogeneity implies that (5) and (6) becomē
respectively.
Preferences.-Lifetime utility is U (c 0 ) + ρU (c 1 ). There is no borrowing and lending, so that each worker simply consumes his wages. We also assume that immigrants cannot send money back to their own country.
The investment decision in A.-Each resident of A starts life with μ A . In the first period there are no immigrants and therefore the first-period efficiency wage is
The only variable that the immigration policy x affects is the second-period 
He takes the wages in both periods as given, because these depend only on the skill composition of the population at large. Then the A-native's problem becomes
We once again assume (9) . Then the problem boils down to maximizing ln u + ρ ln (1 − u). The first-order condition is
= 0, and it yields optimal investment
which does not depend on the immigration policy x.
The investment decision in B.-The policy is assumed to be skill neutral, which means x is not influenced by the B-native's h. Thus, a B-native must choose his first-period investment before he knows if he will immigrate or not. Should he have to remain in B, his efficiency wage will be G ¡h B ¢ , and if he is allowed to emigrate, his wage will be G ¡h
subject to:
where c 1A is B's consumption if he wins the lottery and moves to A and c 1B is his consumption if he loses and stays in B. The worker takesh * andh as given. Once again, under (9),the investment rate is the same as in A, i.e.,
Planner's choice of x.-The planner is a Stackelberg leader. He announces a migration policy at the outset, and carries it out at the end of the first period. Given the policy, agents invest in h at t = 0. The planner then chooses x to solve the
¢ª subject to (24) and (28). The first-period utilities do not depend on x, and the discount factor drops out. The problem reduces to
Substituting from (9), (25), and (27), and letting g = ln G,the problem boils down to max x J, where (writing
subject to (24). The following Lemma (proved in Appendix 2) shows that under some reasonable conditions the solution for x is bang-bang, i.e., either x = 0 or x = 1:
Lemma 2 For G (h) = h α , and for any α > 0, n > 0 and θ ∈ (0, 1) , x is either zero or one
This result implies that the planner's problem cannot have an interior maximum.
Rather, the planner's maximum is at a corner: Either x = 0 or x = 1.
Characterizing the solution for x.-Define the initial, date-zero productivity of a B-native relative to that of an A-native by 
We plot the indifference locus for n = 1 and n = 10 in Figure 7 .
The planner is more inclined to a policy of immigration if B is poor, and if B is large (large n), though the latter is not a quantitatively important consideration.
In the plot, the action x = 0 is preferred in the north east quadrant (NE) and x = 1 is preferred in the south east quadrant (SW). So, the planner chooses maximal immigration if he cares enough for B (low value of θ), and if B is poor enough (low value of z) and if B is large (high values of n). Empirically, z = 0.1 is a good approximation to the average non-U.S. income, which means, for n = 1, (since in fact
x is close to zero) we may infer that θ ≥ 3/4. For example, at z = 0.1, the critical θ needed to switch to a zero-migration regime is 0.78, and at z = 0.5 the critical θ then drops to 0.59
Freedberg and Hunt's (1995) evidence tells us that we are, effectively, in the x = 0 region. But, since z must be rather small -say 1/10 -the action x = 0 is optimal only if θ is at least 0.8. Thus, from the homogeneous-residents model the following conclusions emerge:
1. Investment in human capital leaves intact the main conclusion that the policy outcome we now have is incompatible with even approximately equal weights in the social welfare function.
2. The model of this subsection assumes that within each country agents were homogeneous before and after training. If the planner could and did redistribute incomes within economies, he would still want to use migration to redistribute across economies.
Two skills, and no external effects
In this section we show that our main conclusions are robust to the introduction of a second skill in the production function. They also are robust to the removal of external effects and their replacement with exogenous productivity differences that do not depend on the within-country composition of skills. In particular, the following two conclusions (see Figure 4 ), 1. When θ = 1/2, the Planner equalizesh in the two countries, and 2. When θ = 1, the Planner pursues a 'brain-drain' policy, remain valid when restated in their two-skill version as in Propositions 2 and 3.
Let production now depend on two homogeneous groups of workers: the 'skilled,' the number of which is s, and the 'unskilled,' the number of which is u. Output is
where G ¡ s u ¢ is an external effect operating through the ratio of skilled to unskilled workers, and where G is an increasing function. The parameter x is introduced to proxy for all other country-specific variables that may affect the productivity of the two factors. When external effects are absent G ≡ 1.
Let r = s/u. The wage of a skilled worker in that country then is
and the wage of an unskilled worker is
In general, x and s depend on the location A or B. We assume that x A > x B so that other things the same the Planner wants to move people from B to A.
Let s 0 and u 0 denote the number of skilled and unskilled that move from B to A.
Post-migration wages are for each country then given by (33) and (34), but with the appropriate r substituted in, namely
The Welfare criterion.-As before, let θ be the weight on country A natives.
Assume moving costs are zero. The Planner's criterion then is
The incentive-compatibility constraint.-Each factor can flow from B to A only if its wages in A exceed those in B. Instead of (7), then, we now have two IC constraints:
The Planner's tradeoff.-As before, the Planner faces a tradeoff between efficiency and utility. But because of the complementarity between s and u, (in contrast to Proposition 1) output is now lo longer largest under complete segregation. If x A were to equal x B , because (32) is homogeneous of degree 1 in (s, u), output would be at a maximum as long as r A = r B , and the distribution of activity between A and B would not matter. But if x A > x B , the world would produce the most output if everyone were to be moved to location A. The Planner's question then is how far the Planner can shift domestic factor ratios without reducing too much the consumption of one or the other group of A-natives.
As before, we shall assume that
so that w s = βr α+β−1 x, and w u = (1 − β) r α+β x. Then, skilled immigration from B to A is incentive compatible as long as
and unskilled immigration from B to A is feasible as long as, i.e.,
Proposition 4 If θ = 1/2, and if x A = x B , the Planner welfare criterion is maximized by immigration flows that equate factor ratios
This result, proved in the Appendix, parallels the one-skill result (see Figure   4 ) that when t = 0 and θ = 1/2, the Planner equalizesh in the two countries.
It also assumes that (9) holds. Thus if the Planner's preferences were egalitarian, immigration flows would be much larger than they are in practice.
In the Appendix we also prove that when θ = 1, a 'brain-drain' policy is optimal, just as it was in the one-skill case.
Proposition 5 If θ = 1 and if
the optimal policy is to allow only the skilled emigrate from B to A until w On the other hand, the wage bill of the skilled is roughly twice that of the unskilled.
In our context this means that β ≈ 2/3. Therefore even if α = 0 the RHS of (40) is at least 2. Therefore (40) is the relevant case empirically.
Proposition 4 is illustrated in Figure 8 country A is skill abundant, we have r A > r B which means that we start somewhere to the right of the 45 0 line, and as the skilled move from A to B, we move southeast.
Now there are two subcases, depending on how high the initial r B is.
1. If country B is fairly well endowed with skilled labor and if r B is fairly high so that the starting point is Q, say, then, the Planner's optimum is to move to the unconstrained interior maximum point R.
2. If r B is low, however, far below the 45 0 line, then the starting point is a point such as C. At this point w B S is closer to w A S than in the first case, and that means that less immigration is feasible before (36) is violated (which it would be if the planner were to continue to an interior point such as E). Therefore less immigration of the skilled can occur in this case.
Whether the move is a large one from Q to R, or a smaller one from C to D, the empirically relevant optimal policy involves an influx of the skilled factor from the poor world, i.e., a brain drain. Thus when we use empirically relevant parameter values, this result parallels our previous result (see Figure 4 ) that in the one-skill case, when θ = 1, the Planner should pursue a brain-drain policy.
Therefore the main implications of our one skill analysis survive the model's extension to two skills. In particular, current immigration policies still resemble far more the θ = 1 case than they do the egalitarian case of θ = 1/2.
Conclusion
We have studied the role that migration can play in redistributing income to the world's poor. We argued that there is an equity-efficiency tradeoff. In spite of that tradeoff, we found that for reasonable social weights on the rich and the poor, the extent of migration that would be optimal would appear to be much larger than the levels observed today. Any policy conclusion drawn from this exercise must, however, be quite tentative, for several reasons. First, except in section 4.2, the model is static, yet the fraction of the world's population that is migrating appears to be rising -the stock of migrants has increased from 155 million in 1990 to 213 million today. The model is silent on why this shift may have taken place. Second, all versions of the model assume that migration is the only redistributive tool, excluding foreign aid, FDI. Third, the model allows no redistributive role for trade which can be a substitute for migration;
we expect that free trade, under certain conditions, could reduce differences in factor prices and mitigate the need for migration. And, fourth, aside from foregone-earnings costs, the diminishing returns to migration operate entirely by reducing the humancapital externality. Overall, several reasonable modifications of the model may reduce the optimal migration flows, but the thrust of our conclusion appears to survive:
World-welfare would be higher if migration flows from poor to rich countries were considerably larger than they are today.
Appendix
We prove Propositions 2 and 3 after some preliminary derivations. Since ln w We maximize it with respect to s 0 and u 0 subject to (36). We do so in turn for θ = 1 and θ = 1/2. We start by noting that since neitherh B nor u A = u B = 1/ (1 + ρ) depend on x,
and Now from the definitions of h A , h B , and g,
That is, we need, for all y ≡ A/B > 1, that ln y > 2 y − 1 y + 1 .
The LHS and RHS of (47) are both zero at y = 1. Therefore it's enough to show that the first derivative of the LHS is more positive than the first-derivative of the RHS for all y. That is, it suffices to show that ¢.
